CONTEXT In postgraduate medical programmes, the progressive development of autonomy places residents in situations in which they must cope with uncertainty. We explored the phenomenon of hesitation, triggered by uncertainty, in the context of the operating room in order to understand the social behaviours surrounding supervision and progressive autonomy.
METHODS Nine surgical residents and their supervising surgeons at a Canadian medical school were selected. Each resident-supervisor pair was observed during a surgical procedure and subsequently participated in separate post-observation, semi-structured interviews. Constructivist grounded theory was used to guide the collection and analysis of data.
RESULTS Three hesitation-related themes were identified: the principle of progress; the meaning of hesitation, and the judgement of competence. Supervisors and residents understood hesitation in the context of a core surgical principle we termed the 'principle of progress'. This principle reflects the supervisors' and residents' shared norm that maintaining progress throughout a surgical procedure is of utmost importance. Resident hesitation was perceived as the first indication of a disruption to this principle and was therefore interpreted by supervisors and residents alike as a sign of incompetence. This interpretation influenced the teachinglearning process during these moments when residents were working at the edge of their abilities.
CONCLUSIONS The principle of progress influences the meaning of hesitation which, in turn, shapes judgements of competence. This has important implications for teaching and learning in direct supervision settings such as surgery. Without efforts to change the perception that hesitation represents incompetence, these potential teachinglearning moments will not fully support progressive autonomy. INTRODUCTION Postgraduate medical training can be characterised as comprising experiential, work-based learning in clinical settings in which residents provide actual patient care in a supervised manner. In these settings, residents assume graduated responsibilities as they move towards the programme's goal of producing competent, independent practitioners. 1 The notion of 'progressive autonomy' is entrenched as a guiding principle in postgraduate medical programmes. 2, 3 Based on this educational principle and the belief that such situations offer maximal learning opportunities, residents are frequently placed in situations in which they function at the edge of their comfort level. 1, 4, 5 Progressive autonomy requires residents to judge whether or not to seek help in clinical situations in which they may not feel fully confident in their ability to deliver optimal and safe care to the patient on their own. These judgements can be strongly influenced by the resident's belief that independence is equivalent to competence, which may lead them to believe that they will be evaluated poorly by their supervisor if they ask for help too soon or too often. 4, [6] [7] [8] [9] [10] Likewise, supervisors must judge when to provide assistance and when to let residents work independently. Existing research portrays clinical supervision as a complex social phenomenon in which residents and supervisors are influenced by multiple factors when choosing to seek or offer help. 4, [11] [12] [13] [14] [15] [16] These findings, however, come predominantly from internal medicine programmes in which supervision is often indirect, 1, 17 and in which residents complete most of their work away from supervisors and supervisors make second-hand assessments based on language cues and third-party reports. 8 Although insights have been gained into the language of shared decision making 18 and the subtle interactions of supervisors and trainees during surgical procedures, 19, 20 the social interactions between residents and supervisors during direct supervision, such as during a surgical procedure, remain relatively underexplored. In particular, we know little about the influences of teacher and learner proximity on help seeking and supervisory oversight.
The operating room (OR) provides a propitious site in which to explore the influences of teacher-learner proximity on resident help-seeking behaviours and supervisory oversight. In the OR, judgements about help seeking and assistance giving take place in person and in the moment. A common anecdote reported by surgeons in this setting is that some residents, when overwhelmed by unexpected circumstances, do not seek help. Instead, they hesitate and, in extreme situations, may even 'freeze' and halt the progress of the procedure completely. In our experience, the phenomenon of resident hesitation is a recurrent and recognisable feature of surgical education. However, it has rarely been acknowledged, and never systematically explored, in existing research into the learning environment in the OR. A recent systematic review of intraoperative teaching concluded that teachers need to implement a systematic approach that includes attention to all three phases of teaching (before, during and after cases) to meet trainee educational needs, but reported neither systematic descriptions nor empirical explorations of the issue of resident hesitation and its role in progressive autonomy in the OR. 21 The purpose of the present study was to better understand the hesitation phenomenon within the complex social behaviours surrounding direct supervision and progressive autonomy in the OR.
METHODS
A constructivist grounded theory approach was used to guide data collection and the analysis of hesitations in the OR. Constructivist grounded theory acknowledges that meaning is created through the interaction between the investigator and those being investigated. 22 This notion is an important feature of our methodological orientation given that the principal investigator is a practising surgeon and a surgical educator and resident supervisor. The study received research ethics approval from both the University of Western Ontario and the University of Illinois at Chicago.
Sample
Resident (R) and supervisor (S) pairs in the Division of General Surgery were recruited at two clinical sites in a large Canadian medical school through a combination of purposive and convenience sampling. Senior surgical residents in their third to fifth postgraduate year (PGY) were selected for two main reasons. Firstly, these residents are given graduated responsibility in the OR and experience progressive autonomy. Secondly, they are most likely to encounter the situations we sought to study, such as procedural challenges arising from uncertainty or judgement, rather than from a lack of technical ability or anatomical knowledge. Technical skills, although essential, are teachable and easily measurable. By contrast, surgical judgement is difficult to define and is often considered the true measure of competency. This sampling allowed for an exploration of more advanced aspects of competency and judgement. Supervisors were chosen using convenience sampling in a pragmatic manner. No supervisors refused to participate. The supervisors involved had a wide range of teaching styles. Supervisors and residents were given a letter of participation outlining the fact that the purpose of the research was to observe interactions of supervisors and residents during operative procedures. Participants were not aware of the specific behaviours we were hoping to observe during the procedures. The interview strategy included questions around hesitation moments, but the interviewer did not reveal that the focus of the observations and interviews was on hesitation events. Although we recognise that the presence of an observer in the OR may create an external influence or participant reactivity, 23 all of the participants reported that, shortly after the procedure began and as they focused on the operation, the presence of the observer neither concerned nor influenced them.
Data collection
The resident-supervisor pairs were observed during a surgical procedure by the principal investigator (MO), who had undergone training in research observation methods and field note procedures. Cases were purposive in relation to the sampling of the resident and supervisor pairing. The surgical procedure was chosen by convenience based on the assignment of resident-supervisor pairing without modification to OR duty schedules. Supervisors were free to engage in the operative procedure and resident interaction as they would normally in each case. Although portions of the procedures may have been completed with the resident scrubbed and the attending surgeon observing from a distance, in all cases the supervisor and resident were scrubbed for the majority of the procedure. The operative procedures were directly observed by the principle investigator. No audio-or videorecordings were made of the observed procedure. The observer (MO) was a trained surgeon who was thoroughly knowledgeable about the procedures being performed and could make initial judgements of moments of hesitation that were recorded in the field notes. The field notes contained details of the surgical procedure, as well as information on patterns in resident-supervisor interactions, such as physical behaviours and verbal and non-verbal communication, involvement in the procedure and hesitation events. Immediately after each surgery, each resident and supervisor participated in separate, semi-structured interviews conducted by the same observer, focusing on the whole case and, more specifically, on hesitation moments the observer had identified. Each semi-structured interview began with a review of the specifics of the procedure, including moments identified by the observer as representing hesitation. Identified moments of hesitation were described from the field notes and confirmed by the participants. The interviewed participants were in agreement with the identified hesitation moments and, given the proximity of the interview to the completion of the case, the participants were able to engage in detailed discussions concerning the field notes about the identified hesitation moments. No participants disconfirmed any identified hesitation events and all were able to reflect on these events.
Data analysis
In keeping with constructivist grounded theory, data analysis occurred alongside data collection to facilitate theoretical sampling to sufficiency. 24 Pairs were recruited until the dataset was sufficient to robustly represent dominant thematic patterns. Interview transcripts were analysed using a constant comparative approach; [24] [25] [26] this coding procedure was applied to batches of transcripts until one researcher (MO) had read and coded all data multiple times. Regular meetings between three researchers (MO, LL, MG) were held to discuss the coding scheme throughout its development and application. The analysis team included the first author (MO), who was a surgeon, and two very experienced medical education researchers, a practising clinician in internal medicine (MG) and a non-clinician (LL). Themes and codes were presented as a work in progress to members of the Department of Surgery as a means of member checking. The result was a systemic description of what resident hesitation looks like, how its meaning is shaped by the principle of progress, and how faculty members interpret this meaning.
RESULTS
A total of nine resident-supervisor pairs (18 subjects) were recruited and consented to participate; observations of a total of 15 surgical cases were analysed. A wide variety of cases in which residents at different levels of training participated were observed (Table 1 ). All observed cases involved elective surgery and none of the procedures were emergent. The majority of pairings were observed more than once to ensure observations were not just situational to the surgical procedure observed. We observed hesitation events in every surgical case and, at times, multiple episodes of hesitation during a single case. Across the 15 cases, we also observed three instances of 'freezing' (defined later).
Moments of hesitation
Moments of hesitation were observed in many different situations but took three main forms. The first situation was unexpected operative findings. Examples of this included unexpected mesenteric bleeding, the identification of multiple hernias when only one had been anticipated preoperatively, and a finding of acute cholecystitis during a laparoscopic cholecystectomy for presumed biliary colic. The second common situation in which hesitation was observed occurred when a routine portion of the case was not proceeding smoothly. Example contexts include removal of the gall bladder following cholecystectomy, identification of a hernia sac on an inguinal hernia and establishing pneumoperitoneum in a laparoscopic case. The third type of situation arose when concrete decision making about how the procedure should proceed at a critical juncture was required. Examples included decisions on the type of intestinal anastomosis, the identification of which lymph nodes to remove in colon resection and the identification of abnormal nodes in a sentinel lymph node biopsy procedure. There was no relationship evident between level of training and hesitation situation.
In relation to the hesitation and freezing events, three explanatory themes were identified: the principle of progress; the meaning of hesitation, and the judgement of competence.
Principle of progress
The principle of progress was a highly valued tenet of surgery for all participants. Residents reflected that '. . .we have to always be moving forward in the surgery' (R8). Failure to uphold this principle was defined as reaching 'a point where we're not making forward progress and things are stopping' (R6). The goal of constant progress was strongly held by all supervisors: '. . .progression is absolutely essential' (S7).
The presence of time pressure in the OR was central to the principle of progress. Residents and supervisors reported instinctively knowing when progress was delayed and described using an internal reference or clock to measure progress. One resident exemplified his sense of time and progress by saying:
I know there are time pressures in the operating room and it seemed a part of the case that should happen in just 2 seconds. The whole thing seemed too long. (R4)
Meaning of hesitation
The second theme centred on the meaning of hesitation, which was strongly informed by the principle of progress. Hesitation was a noticeable pause in a resident's activity, potentially resulting in the disruption of the progress required in a surgical procedure. It was witnessed during field observations and described in the interviews. Participants described hesitation as a regular occurrence in the OR and recognised that it reflected something more than just a fleeting pause, using the terms 'hesitation' and 'uncertainty' almost synonymously. Although hesitation was generally experienced as a transient interruption, participants reported that it could lead to a more permanent disruption, or 'freezing'. The following excerpt from the field notes illustrates the characteristics of a hesitation event that extended to freezing:
The resident has stopped moving, they are looking at the incision and the suture in the needle driver but all movement has stopped. The difficult part of the procedure is done; just closure of the fascia is needed. There is an awkward silence. No-one says anything and everyone appears uncomfortable. The situation lasts a short time -45 seconds or so -but given the constant activity prior, this seems like an abrupt halt. (Field note: R2S2C1)
Both residents and supervisors acknowledged that body language, physical movements and the degree of social interaction all functioned as signals to the supervisor that a resident was hesitating. Supervisors uniformly viewed hesitation as a sign of uncertainty; however, this was almost always an inference because residents rarely communicated such uncertainty explicitly. As one supervisor explained:
It becomes clear after a pause or an awkward moment in the surgery that the resident isn't clear on what the next step of the operation is. That usually becomes apparent but it's not usually something that's articulated. No resident I can recall has ever said to me: "I don't know what to do next." (S8)
Consistent with this assertion, residents confirmed that although uncertainty was often the trigger for hesitation, they were reluctant to openly disclose that uncertainty. For example, one resident said: 
Judgement of competence
For almost every instance of hesitation, during the interviews supervisors described the implications the phenomenon might have on their ongoing judgement of the resident's competence. Although hesitation was not the only measure of competence identified, according to both residents and supervisors it played an influential role in moment-to-moment judgements of competence.
Many residents shared the concern that hesitating was bad for appearance and 'conjures up negative thoughts' (R8) in supervisors. They described such occurrences as provoking anxiety as a result of the assumption that hesitation means uncertainty and uncertainty means incompetence:
I think we're all a little bit afraid when things are not smooth that our skills might be sub-par for our level. (R6)
Although supervisors acknowledged that hesitation was part of the learning process, they confirmed residents' concerns that it might imply incompetence. Supervisors recognised that 'residents are fearful of looking incompetent and being judged compared to peers' (S8), and attributed multiple meanings to hesitation. One supervisor said: You would think that it is a guarded manoeuvre of a medical student or PGY 1, not a PGY 3. (S2)
Game of opposed wills
During some interviews, supervisors and residents described making attempts to hide their true intentions from the other party during moments of hesitation. Some observations also suggested this phenomenon, which appeared to represent 'a game of chicken' in which both the supervisor and resident maintained their silence, allowing the hesitation moment to stretch almost palpably until one or other broke the silence. When asked about this situation, a resident described trying to hide his hesitation from the supervisor:
I would try and make it difficult for them to intervene and recognise the cues. . . I would ask the nurse for something that I'm not really going to use, I've noticed myself doing that. . . you try and stall, fiddle with things while you try and figure it out. (R7)
Faculty members also acknowledged a strategy of waiting to see if residents would reveal their hesitation or uncertainty. One supervisor described an interaction in which the resident froze:
Now she didn't know what to do because there was a whole bunch of things going on. And then at that point in time again they were waiting for something to happen, like me to do something. And I wanted to wait there. (S2)
Because the concept of a game of wills emerged late in the study, it was not directly explored in all interviews and, although it is an intriguing finding, our insights into it are limited.
DISCUSSION
Through exploring the phenomenon of resident hesitation in the OR we identified three interrelated themes: the principle of progress; the meaning of hesitation, and the judgement of competence. These themes can have significant consequences for teaching and learning in clinical environments in which learners are trying to demonstrate autonomy in the presence of supervisors. Maintaining progress throughout a surgical procedure was a highly valued governing principle that shaped how hesitation was understood by both surgical supervisors and residents. Resident hesitation, triggered by uncertainty, was often the first indication of an impending disruption to the principle of progress.
A lack of progress of any kind during a procedure was considered problematic. This strongly held value may negatively influence supervisors' perceptions that hesitation is a signal of resident incompetence. Misunderstanding hesitation as incompetence may lead to the loss of valuable teaching-learning opportunities in which learners can increase their autonomy.
The principle of progress influences supervisory interactions
Resident uncertainty has been described as a common phenomenon during clinical training. Past research, however, focused on training situations in which the supervisor and resident were not always together at the same time and in the same place (e.g. in the contexts of internal medicine and emergency medicine). Thus, limited attention has been paid to the question of how both supervisors and residents respond to hesitation when they work in close proximity. Whereas Kennedy and Lingard, and others, have shown that residents may avoid seeking help when uncertain in order not to appear incompetent to their supervisors, 10, 16, 27 our research shows the powerful influence of teacher-learner proximity and the expected pace of forward motion on both resident and supervisor responses to hesitation at the moment of its occurrence. This influence may have relevance beyond surgery to other contexts in which teachers and learners work in close proximity and forward progress of clinical activities is a dominant value. Given the new focus on autonomy and entrustability in medical education, [27] [28] [29] understanding these interactions may be crucial for teaching and learning in clinical environments characterised by direct supervision.
The principle of progress heavily influenced resident hesitation within surgical education. This principle is so ingrained in both teachers and learners that at times supervisors respond to learner hesitation by removing the threat to progress by taking over the case and excluding the learner, the perceived threat to progress. The influence of time on supervision is not unique to surgery. Goldszmidt et al.'s exploration of supervisory styles in internal medicine suggests that time pressures have a central influence on practice. 30 In particular, they argue that the 'direct care supervisory style' arises in part out of supervisor concerns about resident ability to handle the complexity of care in a timely fashion in the context of high workloads; this results in supervisors doing the tasks themselves rather than supporting residents to do them and possibly to learn from the situation. 30 A distinguishing feature of our findings is that in shared teaching and learning environments, supervisor behaviour is not based only on the challenges imposed by time pressures. In the OR, the notions of time pressure and workload are intertwined and encapsulated into the unique notion of progress within an operative procedure. It is the threat to progress, not just time pressure, that appears to tip supervisors into a 'direct care' supervisory mode.
We echo Goldszmidt et al.'s 30 caution that learning opportunities of trainees may be sacrificed when supervisors take over care as a result of time pressures. Surgical units are constantly pressured to decrease cost and increase efficiency, 31 which may create a systematic and direct conflict with surgical education. Although these economic pressures reinforce the importance of time as a major component of the principle of progress in the minds of residents and supervisors, time, in and of itself, should not be the main driver. Supervisors taking over a case must ensure that valuable teaching moments are not lost to gain procedural efficiency. Although we would not suggest that supervisors routinely challenge the principle of progress, we wonder about the ways in which progress can be preserved and the occurrence of high-quality educational interactions in the OR simultaneously ensured.
Hesitation that impedes progress signals incompetence
Hesitation was seen in many of the procedures and seemed unrelated to level of training. We have proposed three types of situation that give rise to hesitation. This list is not exhaustive and it is likely that many different situations can lead to hesitation. The purpose of the study was not to categorise hesitation but to describe reactions to it, and hence causes of hesitation other than those identified in the present study may exist. The perceived association between hesitation and lack of competence was made clear by the negative judgements of both residents and supervisors following a hesitation event. These judgements can also have a direct impact on resident learning, especially by dis-incentivising residents from engaging in help-seeking behaviours. Surgical training in the OR differs from training in many other clinical teaching settings, in part because residents are continually under direct supervision. These competency judgements are likely to occur more frequently because resident-supervisor interactions take place in the moment, in person, and under the time constraints of a surgical procedure. The distinction between the events we observed in the OR and other clinical education settings is illustrated by Kennedy et al.'s 5 study of internal medicine residents during emergency consultations. Kennedy et al. 5 observed that residents engage in various types of rhetorical behaviour, such as in delaying contacting attending physicians to ask for assistance in order to preserve their credibility. In such situations, the separation of the supervisor and learner in time and space allows the learner to avoid the supervisor and preserve credibility. By contrast, surgical residents under direct and continuous supervision in the OR cannot avoid asking for assistance because their supervisors are directly observing their uncertainty. However, surgical residents do admit to stalling, a behaviour whereby they avoid asking for assistance with the intention of maintaining the illusion of progress. Although most supervisors are aware of the stalling technique, very few supervisors were found to view hesitation events as teachable moments and many responded by taking over.
Rather than taking over during moments of trainee hesitation, supervisors might consider using hesitation as a cue for relevant, in-the-moment teaching. Rather than forming negative impressions about competence in hesitation moments, supervisors could actively seek to create interactions with the explicit intent of allowing residents to progress beyond their hesitation. To respond to stalling by taking over the surgical procedure may rob a trainee of a powerful opportunity to advance his or her competency. Furthermore, supervisors could reflect on their role in the educational interaction and on whether they are encouraging stalling by not responding to hesitation when they first identify it. This supervisory practice of not responding to hesitation, of staying silent in the game of opposed wills, may lead residents to 'plough through' or even possibly to commit an error as a result of being unwilling to acknowledge their limits. Thus, when a resident exhibits stalling, the supervisor should aim not to preserve the appearance of the resident's competency, but to realise the opportunity to extend the range of that resident's competency. By being aware of subtle cues, supervisors could then negotiate ways to promote learning. Thus, the interactions that occur during a hesitation, rather than serving to shortcircuit the learning process, could serve to promote learning. Closer exploration of such residentsupervisor interactions could provide insight into how hesitation events can be used to foster positive teaching-learning moments in the OR. For this to occur, however, hesitation must be substantively reframed in supervisors' and residents' minds. One way of reframing this practice is to characterise hesitation as an early stage of what Moulton et al. 32, 33 call experts' ability to 'slow down when you should'.
Reframing resident hesitation: is hesitation equivalent to non-expert slowing down?
Both faculty and resident participants in the present study invariably ascribed a negative connotation to resident hesitations, often referring to the principle of progress to support this connotation. This finding is in direct opposition to the positive connotation ascribed to slowing down in experts. 32, 33 Yet, from an observational standpoint, slowing down in experts and hesitation in residents appear to be similar events within the progression of an operation. So why is one perceived negatively and the other positively?
Moulton et al. 32 argue that the ability to shift cognitive processes is a key aspect of surgical expertise. Shifting cognitive processes involves knowing when to go from an automatic mode to purposeful, effortful action. This shift to 'knowing when to slow down' gives experts time to manage difficulty and uncertainty. 32, 33 Slowing down can be anticipated preoperatively or by spontaneous situational responsiveness based on emergent intraoperative challenges. 32 Like experts, residents recognise the need to hesitate when they are uncertain of how to proceed. Residents in our study asserted that they often use this time to find a solution to the problem on their own. Although such hesitation may seem like a resident's equivalent of an expert's situational awareness, these events represent two distinct constructs. In the case of the expert, slowing down during a procedure represents that expert's purposeful concentration in applying previously used solutions or creating new solutions as he or she works through the difficulty encountered and proceeds to the successful completion of the procedure. The trainee who hesitates, by contrast, does not have the capacity to progress beyond the difficulty. Like the expert, the trainee recognises the need to transition from the automatic to the purposeful but does not have the internal capacity to move beyond the difficulty. The trainee during hesitation has reached the limit of his or her competence and without assistance will not be able to proceed through the difficulty.
Implications
We explored how resident hesitation is understood in the context of surgery's strongly held principle of progress. Hesitation events are generally treated as evidence of incompetence, whereas they could be conceptualised instead as teaching-learning opportunities and early instances of an occurrence that will mature into expert slowing down. Supervisors can consider how the principle of progress may be influencing their responses to hesitation and work to realise the full learning potential of moments when residents are working at the edge of their competence. Understanding these phenomena may have broader implications for situations in which teacher-learner relationships are characterised by time pressures, need for progression and direct supervision, such as in anaesthesiology, emergency medicine and critical care. As medical educators acknowledge the influence of the principle of progress on supervisory interactions, they may be better able to maximise teaching-learning moments during which expert cognitive processes can be made explicit and progressive autonomy can be fostered.
Game of opposed wills
Finally, we identified another subtle dimension of the hesitation phenomenon. Both supervisors and residents admitted to making repeated judgements of competency during moments of hesitation, but we did not observe any explicit instances of such judgements being verbalised during the 15 cases we observed. During discussions with the residents and supervisors, it became clear that there was a tacit understanding by both sides that competency decisions were being made independently yet withheld from the other party and that neither side wanted to broach that lack of acknowledgement. Although there was no direct mention of a 'game' in the transcripts, a review of the field notes and transcripts together suggested to us the concept of a game of opposed wills. Because this was identified later in the analytical process and not directly probed in interviews, theoretical sufficiency around this concept was not achieved. However, similar findings have been described in an ethnographic evaluation of trainer-trainee interactions in the OR, 19 and the notion of a silent game of wills between supervisor and trainee deserves further exploration.
CONCLUSIONS
Surgical teachers need to be keenly aware of how the principle of progress impacts teaching and learning in the OR. Resident hesitation is common in this setting and, because of the principle of progress, both supervisors and residents tend to interpret hesitation as representing incompetence. Redefining an instance of hesitation as a teaching moment rather than as a threat to progress and a marker of incompetence would allow the optimisation of resident learning in this context, in which great priority is placed on efficiency. Lessons learned in the context of the OR may be applied to other specialties in which speed and efficiency of care are tacitly or explicitly prioritised.
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